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[bookmark: _Toc132575695]1 - Aim of the Experiment
The purpose of this experiment was to conduct an acid-base titration and measure the volume of a standard solution of sodium hydroxide (NaOH) added to a calibrated volume of hydrochloric acid (HCl) in the presence of phenolphthalein indicator to determine the molarity of the hydrochloric acid.

[bookmark: _Toc132575696]2 – Background Theory

To visually represent this experiment, a diagram is shown below [1]:
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[bookmark: _Toc132575689]Figure 1 – Titration Setup

Titration is a type of quantitative analysis meaning that numerical data is collected and processed. The type of titration in this experiment is called Acid – Base Titration. It is used to determine an unknown concentration of a chemical called the “analyte.” The analyte’s volume is known and is measured into an Erlenmeyer flask, using calibrated glassware. The analyte is neutralised by adding a “standard solution”, which is a solution of known concentration, through a burette. This chemical is known as the “titrant.” For calculations, the volume of titrant added to the analyte is recorded. A chemical “indicator” is also added to the analyte, an indicator is a substance that gives a noticeable sign, usually a colour change, when the titration is complete. In acid-base titration, the run is seen to be complete when the analyte is neutralised, which is seen through the colour change caused by the indicator. 

The first run of a titration is known as the “rough titre.” It is called rough as it is done quickly done to provide a baseline value for the added volume for other titrations, this helps increase the speed at which subsequent runs can be completed. Rough titres cannot be considered concordant and therefore are not used in calculations.

A titration experiment is repeated several times to find concordant results. Concordant results are results which are within 1 scale division of each other relative to the glassware by which they are added. For example, if a 100ml burette is used to add the titrant and each scale division is 0.2mL, a result would have to be ± 0.2mL from another result to be considered concordant. These are used in calculations because they are a repeated result and are deemed to be accurate.

The underlying chemical equation for this experiment is shown below: 

[bookmark: _Toc132553639][bookmark: _Toc132576173]Equation 1 - Neutralisation Reaction

In this reaction at a basic level, the HCl will dissociate into H+ and Cl- likewise the NaOH will dissociate into Na+ and OH-. The positive charge of the sodium and the negative charge of the chlorine will attract the 2 ions together to form an ionically bonded sodium chloride molecule. The H+ and OH- will do something similar but create a covalently bonded water molecule. 

The following process is used to calculate the molarity of the analyte (in this case, HCl):
Since the ratio of HCl to NaOH is 1:1, the moles required to neutralise is also, 1:1. 
Therefore:

Using the equation:

It can be interpreted that:

Then to find molarity of acid:


Based on most literature searches conducted, use of titrations in OME is scarce. However, a paper was found that describes the use of acid-base titration for quality control of the explosive, NTO. [2]   
[bookmark: _Toc132575697]3 – Chemicals and Apparatus
The following chemicals and equipment were used in this experiment:

[bookmark: _Toc132575698]3.1 – Chemicals
	Chemical
	Purpose in experiment

	Sodium Hydroxide (NaOH)
	Titrant. Standard solution and Base.

	Hydrochloric Acid (HCl)
	Analyte. Acid.

	Phenolphthalein Indicator (C₂₀H₁₄O₄)
	Chemical indicator. Turns pink in presence of base.

	Deionised Water (H2O)-
	Used to wash Erlenmeyer flask.


[bookmark: _Toc132575639]Table 1 - Chemicals used in Experiment.

[bookmark: _Toc132575699]3.2 – Equipment  
	Equipment
	Purpose in experiment

	Burette

	Holds Titrant (NaOH).

	Burette Stand with Clamp

	Holds burette in place and makes its height relative to flask adjustable.

	Small funnel to fill the burette.

	Makes adding titrant to burette easier, lowers risk of spillage.

	Pipette filler
	Used to fill pipette.

	Pipette 10mL
	Calibrated glassware, used to measure analyte.

	250mL beaker 
	Holds waste.

	White tile 

	Goes under the Erlenmeyer flask, makes seeing endpoint colour transition easier to see.

	Erlenmeyer flask x4

	Holds acid and phenolphthalein indicator mixture.

	Droppers
	Used to add indicator to Erlenmeyer flask

	Labelled Beaker x2
	Holds NaOH and HCl before transfer


[bookmark: _Toc132575640]Table 2 - Equipment used in Experiment.
[bookmark: _Toc132575700]4 – Procedure
Step 1 – Wash; the burette with NaOH, the pipette with HCl and the Erlenmeyer flask with DI Water. Discard the washings into waste beaker.

Step 2 – Set up the burette stand and clamp to hold burette. Equip burette with funnel and fill with NaOH solution. Once full, to let air bubbles through, turn the tap on until the meniscus sits on the scale. 

Step 3 – Add 25mL of HCl to an Erlenmeyer flask using the pipette. Add 3-4 drops of Phenolphthalein to the acid and swirl. Place the flask on a white tile and underneath the burette. 

Step 5 – Take initial reading of the NaOH in the burette. Open the tap and swirl the Erlenmeyer flask until solution turns pink. Record final reading on the burette. 

STEP 6: Repeat step 2, 3 and 4 for a different test.
STEP 7: Take the initial reading of the NaOH in the burette, then open the tap and swirl the Erlenmeyer flask until 2mL away from the rough titre and then add 1 drop at a time until a very light pink is achieved. Record the final reading on the burette.

STEP 8: Repeat steps 6-7 until concordant values are obtained.

[bookmark: _Toc132575701]5 – Observations and Data

[bookmark: _Toc132575702]5.1 – Observations
An observation made was that as the base was added, at the site of contact between the base and the acid-indicator mix, a small amount of the solution would turn pink. This is because there was a local neutralisation of the acid which would cause the phenolphthalein to turn light pink. There would also be some of the indicator acting with the basic solution causing it to turn to a darker pink. 

In addition to this, as the end point of the titration was being reached the solution would transition to the pink colour as desired but as the flask was swirled the mixture returned to its transparent state. This is because in that moment the phenolphthalein is in a basic environment. However, when the solution is mixed, more of the hydronium ions will collide with the hydroxide ions and the solution will return to being acidic in this case, meaning the phenolphthalein becomes transparent once again. 

Eventually, when enough titrant was added, the solution would become have a lasting pink colour that would not dissipate even with mixing and time. This is due to the hydroxide ions outnumbering the hydronium ions, the solution is now basic, and the phenolphthalein causes the solution to be pink.



[bookmark: _Toc132575703]5.2 - Data
	Flask
	Rough Titre
	1
	2
	3

	Volume of HCl (mL)
	25
	25
	25
	25

	Initial burette Reading (mL)
	47.6
	64.6
	81.2
	78.0

	Final burette Reading (mL)
	64.6
	81.2
	97.8
	94.4

	Volume of NaOH added (mL)
	17.0
	16.6
	16.6
	16.4


[bookmark: _Toc132575641]Table 3 - Experimental Results

[bookmark: _Toc132575704]6 – Calculations
Using the method described in Background Theory, we can now use the following method to calculate the concentration of HCl:


[bookmark: _Toc132576174]Equation 2 – Molar Equivalency


[bookmark: _Toc132576175]Equation 3 - Molar, concentration, and Volume Relationship


[bookmark: _Toc132576176]Equation 4 - Extrapolated Equation 2


[bookmark: _Toc132576177]Equation 5 – Final Formula for HCl Molarity
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[bookmark: _Toc132575706]6.2 – Titre 1 and 2 Calculation
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[bookmark: _Toc132575708]7 – Results and Discussion
[bookmark: _Toc132575709]7.1 - Results 
	Flask
	Rough Titre
	1
	2
	3

	Volume of NaOH added (mL)
	17.0
	16.6
	16.6
	16.4

	Mols of NaOH
	1.703 ×10-3
	1.663×10-3
	1.663×10-3
	1.643×10-3

	Mols of HCl
	1.703 ×10-3
	1.663×10-3
	1.663×10-3
	1.643×10-3

	Molarity of HCl (mol/L)
	6.814×10-3
	6.653×10-3
	6.653×10-3
	6.573×10-3


[bookmark: _Toc132575642]Table 4 - Results

To calculate a final molarity, the concordant values must be averaged:

[bookmark: _Toc132576178]Equation 6 - Mean Molarity

The final estimated value for the concentration of HCl is 6.626×10-3   mol/L.

[bookmark: _Toc132575710]7.2 - Discussion
Although, the experiment was successful and good results were obtained. There is some mandatory errors which must be acknowledged [3]:

· Contaminated Glassware – Impurities on glassware could impact result. Reduced by washings.
· Parallax Error – Burette readings could be incorrect if not read at eye level and looking at the base of the meniscus. Reduced by adjusting burette to be approximately 90 degrees to its surface.
· Manufacturer error – The admitted error by the manufacturer. Cannot be reduced.
· Reading error – Not reading the volume on the burette correctly. Reduced by second opinion and holding blue paper towel behind to make reading easier.
· End point recognition – Not being able to immediately identify endpoint of experiment. Reduced by presence of white tile to make pink stand out more. 
[bookmark: _Toc132575711]8 – Conclusion
In this experiment, an acid-base titration was conducted. This was done to determine the concentration of the analyte of the experiment, Hydrochloric Acid. It was titrated with a standard solution of 0.1002 mol/L sodium hydroxide. A basic view of the reaction mechanism was given to explain the stoichiometric equation and an OME application was described. The equipment and chemicals were listed along with their purposes. Some observations were discussed and explained.

Calculations were performed and a results table formed. From the concordant results, it was concluded that the molarity of hydrochloric acid used in this experiment was 6.626×10-3   mol/L.

It was also noted that this value was subject to many errors such as parallax error and the possibility of contaminated glassware, measures were taken to mitigate the effect of these errors.
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